The Dietary Goals for the United States were introduced in 1977 and have been followed by the Dietary Guidelines for Americans (DGA) every 5 years from 1980 to 2010. The DGA provide science-based advice to promote health and reduce risk for major chronic diseases through diet and physical activity. The Dietary Guidelines Advisory Committees are charged to provide updates of the DGA topics using the best available science. The Dietary Guidelines Advisory Committees' reports also identified 169 research gaps. To date, these gaps have not been compiled and assessed. We evaluated trends in number, topics, and specificity of research gaps by year by placing them in the following topic categories: general, chronic diseases/conditions, diet/diet pattern, food/ingredient, and nutrient-specific research gaps. Some research topics (eg, sodium and hypertension and appropriate uses of DGA) have been identified consistently across the years, some emerged in later years (eg, increasingly specific research gaps between dietary fatty acids and cardiovascular disease), and others appeared intermittently (eg, relationships between dietary components and cancer). These results are a call to action for all DGA stakeholders to have an immediate dialogue about how the research enterprise can best address critical research needs in a timely way to support public policy.
1,3-5
The DGA provide "science-based advice to promote health and to reduce risk for major chronic diseases through diet and physical activity." 6 The 1980-2005 DGA target population was healthy individuals aged 2 years and older. A major change occurred in 2010, when the Dietary Guidelines Advisory Committee addressed topics relevant to unhealthy populations-most importantly, inactive and obese Americansfor the first time since 1980. The DGA form the basis for federal policy and programs on food, nutrition, information, and education initiatives for the public and are updated every 5 years. 3 The 1985-2000 DGA updates were built on the 1980 DGA. Beginning in 1985, the Dietary Guidelines Advisory Committees were charged to start with previous guidelines and provide updates on these topics using current research and public comments. 7 The exact methodology that each Dietary Guidelines Advisory Committee used to evaluate the science was not well documented for the earlier years. However, the 2005 and 2010 Dietary Guidelines Advisory Committees were charged to use an evidence-based approach to recommend major messages for the Secretaries of the US Department of Agriculture and Department of Health and Human Services, who then develop DGA for the general public. 6, 8 The 2005 Dietary Guidelines Advisory Committee posed approximately 40 specific research questions that were evaluated using an evidencebased approach. The 2010 Dietary Guidelines Advisory Committee developed 180 questions and used the US Department of Agriculture's newly established Nutrition Evidence Library to systematically review the scientific literature. A systematic review process typically includes the following formal steps: articulating a question, usually using the population or patient, intervention, comparator, and outcome format; identifying a formal search plan for identifying the body of evidence available to answer the question; searching the literature and identifying which studies will be included in the review; critically appraising each selected research paper; synthesizing the results; and making recommendations. takes, and Tolerable Upper Intake Levels also influenced the process. 10 In addition to summarizing the science for guideline updates, the Dietary Guidelines Advisory Committees consistently identified future research needs; however, this process also changed over time. Research recommendations and gaps were identified throughout the earlier editions and separate sections reported future research needs in subsequent Dietary Guidelines Advisory Committee reports. However, during the 32 years between the 1979 Dietary Goals and seven subsequent DGA editions, there has not been a comprehensive analysis of the types of science evaluated or the research gaps identified.
PURPOSE
This paper aims to identify and assess the commonalities and differences in research gaps identified across the seven DGA reports. We hypothesized that research needs identified throughout the DGA reports have not always been met, leaving substantial research gaps to this day.
DESCRIPTION OF PROCESS TO GATHER AND EVALUATE GUIDELINES AND RESEARCH GAPS Extracting Data from Dietary Guidelines Advisory Committees' Reports
This retrospective review of the 1977 Dietary Goals and the seven subsequent DGA and Dietary Guidelines Advisory Committees' reports involved three phases. 1, 3, [6] [7] [8] [9] 11, 12 The first phase included locating the seven dietary guidelines, reports, panel members, and supporting documents. An Excel database was created based on extraction of the following data elements from the reports: year (1977, 1980, 1985, 1990, 1995, 2000, 2005 , and 2010); DGA report section (aiming to meet nutrient intake recommendations, alcohol, carbohydrates, energy, energy balance and weight management, ethanol); topic category (question being asked, recommendation, or future research needed); and characterization of the target population and/or disease state.
Extracting Guideline Recommendations. Guideline 
Evaluating Guideline Recommendations and Research Gaps Using Topic Areas
After reviewing the initial extracted data, we used the following global categories for both guideline recommendations and research gaps, ranging from broadest to most specific topic areas: We tabulated the number of times the topics were identified as part of a research gap by year. Trends within each topic area were subjectively evaluated. In addition, trends across years within topics were also evaluated.
DESCRIPTION OF TRENDS IN GUIDELINE RECOMMENDATIONS

Number and Groups of Recommendations
Both the number and clustering of guideline recommendations evolved over time (Figure 1 ). There were seven recommendations in the 1980 DGA report related to weight, variety, starch and carbohydrate, fat, saturated fat and cholesterol, sodium, and alcohol. The total number of guideline recommendations expanded from seven in the first editions to 23 in 2010 in the fol- Aim for a healthy weight 2 To maintain body weight in a healthy range, balance calories from foods and beverages with calories expended 2, 3 Prevent and/or reduce overweight and obesity through improved eating and physical activity behaviors 1, 2 To prevent gradual weight gain over time, make small decreases in food and beverage calories and increase physical activity [1] [2] [3] Control total calorie intake to manage body weight. For people who are overweight or obese, this will mean consuming fewer calories from foods and beverages [2] [3] [4] Maintain 1, 3, [6] [7] [8] [9] 11, 12 The numbers in each column indicate the number of guidelines that address the topic category in that year. In the remainder of the table, the superscript numbers at the end of each of the individual goals/guidelines indicate which category each of the goals/guidelines was counted against. Since a goal/guideline can represent more than one topic category, the number of times that a topic category is addressed will exceed the total number of goals/guidelines in any given year. Account for all foods and beverages consumed and a total healthy eating pattern 3 Eat a variety of foods 3 Eat a variety of foods 3 Eat a variety of foods 3 Eat a variety of foods 3 Let the Pyramid guide your food choices 3 Consume a variety of nutrient-dense foods and beverages within and among the basic food groups while choosing foods that limit the intake of SFA c and TFA d , cholesterol, added sugars, salt, and alcohol [3] [4] [5] Choose foods that provide more potassium, dietary D, which are nutrients of concern in American diets. These foods include vegetables, fruits, whole grains, and milk and milk products 4, 5 Meet Choose a diet with plenty of vegetables, fruits, and grain products 3, 4 Choose a diet with plenty of grain products, vegetables, and fruits 3, 4 Choose a variety of fruits and vegetables daily 4 amount of fruits and vegetables while staying within energy needs. Two cups of fruit and 2 1/2 cups of vegetables per day are recommended for a reference 2,000-calorie intake, with higher or lower amounts depending on the calorie level 3, 4 Increase vegetable and fruit intake 4 Choose a variety of fruits and vegetables each day. In particular, select subgroups (dark green, orange, legumes, starchy vegetables, and other vegetables) several times a week 4 Eat a variety of vegetables, especially dark green and red and orange vegetables and beans and peas 4 (continued) 1,3,6-9,11,12 The numbers in each column indicate the number of guidelines that address the topic category in that year. In the remainder of the table, the superscript numbers at the end of each of the individual goals/guidelines indicate which category each of the goals/guidelines was counted against. Since a goal/guideline can represent more than one topic category, the number of times that a topic category is addressed will exceed the total number of goals/guidelines in any given year. Consume 3 or more ounce-equivalents of whole-grain products per day, with the rest of the recommended grains coming from enriched or whole-grain products. In general, at least half the grains should come from whole grains 4 Consume at least half of all grains as whole grains. Increase whole-grain grains with whole grains 4 Consume 3 cups/d of fat-free or low-fat milk or equivalent milk products 4 Increase intake of fat-free or low-fat milk and milk products, such as milk, soy beverages 4 Choose a variety of protein foods, which include seafood, lean meat and poultry, eggs, beans and peas, soy products, and unsalted nuts and seeds 4 Increase the amount and variety of seafood consumed by choosing seafood in place of some meat and poultry 4 Increase carbohydrate consumption to account for 55% to 60% of the energy (calorie) intake
Avoid too much sugar 4 Avoid too much sugar 4 Use sugars only in moderation 4 Choose a diet moderate in sugars 3, 4 Choose beverages and foods to moderate your intake of sugars 4 Choose and prepare foods and beverages with little added sugars or caloric sweeteners, such as amounts suggested by the USDA Food Guide and the DASH Eating Plan 4
Reduce the intake of calories from solid fats and added sugars 3, 4 Reduce the incidence of dental caries by practicing good oral hygiene and consuming sugar-and starch-containing foods and beverages less frequently 2, 4 Limit the consumption of grain foods that contain solid fats, added sugars, and sodium 4, 5 If you drink alcohol, do so in moderation 4 If you drink alcoholic beverages, do so in moderation 4 If you drink alcoholic beverages, do so in moderation 4 If you drink alcoholic beverages, do so in moderation 4 If you drink alcoholic beverages, do so in moderation 4 Those who choose to drink alcoholic beverages should do so sensibly and as the consumption of up to one drink per day for women and up to two drinks per day for men 4 If alcohol is consumed, it should be consumed in moderation-up to one drink per day for women and two drinks per day for men-and only by adults of legal drinking age 4 Alcoholic beverages should not be consumed by some individuals, including those who cannot restrict their alcohol intake, women of childbearing age who may become pregnant, pregnant and lactating women, children and adolescents, individuals taking medications that can interact with alcohol, medical conditions 2, 4 vegetables, and whole grains often 4 Choose fiber-rich fruits, 1,3,6-9,11,12 The numbers in each column indicate the number of guidelines that address the topic category in that year. In the remainder of the table, the superscript numbers at the end of each of the individual goals/guidelines indicate which category each of the goals/guidelines was counted against. Since a goal/guideline can represent more than one topic category, the number of times that a topic category is addressed will exceed the total number of goals/guidelines in any given year. 
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lowing groups: manage weight, foods and food components to reduce, food and nutrients to increase, and building healthy eating patterns. The proportion of the guidelines that were positive vs negative remained similar over time. Recommendations for weight shifted from maintaining a healthy weight to preventing or reducing overweight.
DESCRIPTION OF TRENDS IN RESEARCH GAPS
The 1980s research recommendations were limited, with only four to five being identified each year addressing 10 different topic areas. However, when the methodology changed to an evidence-based approach that relied on development of questions before identifying and selecting research, the research gaps were more fully articulated, with 78 specific research Avoid too much sodium 5 Avoid too much sodium 5 Use salt and sodium only in moderation 4, 5 Choose a diet moderate in salt and sodium [3] [4] [5] Choose and prepare foods with less salt 4 Consume <2,300 mg (approximately 1 tsp of salt) of sodium per day 4, 5 Reduce daily sodium intake to <2,300 mg and further reduce intake to 1,500 mg among persons who are 51 and older and those of any age who are African American or have hypertension, diabetes, or chronic kidney disease. The 1,500-mg recommendation applies to about half of the US population, including children, and the majority of adults 2, 5 Choose and prepare foods with little salt. At the same time, consume potassiumrich foods, such as fruits and vegetables 4, 5 Reduce overall fat consumption from approximately 40% to 30% energy intake 5 Avoid too much fat, saturated fat, and cholesterol 5 Avoid too much fat, saturated fat, and cholesterol 5 Choose a diet low in fat, saturated fat, and cholesterol 3, 5 Choose a diet low in fat, saturated fat, and cholesterol 3, 5 Choose a diet that is low in saturated fat and cholesterol and moderate in total fat 3, 5 Consume <10% of calories from SFA and <300 Keep TFA consumption as low as possible by limiting foods that contain synthetic sources of TFA, such as partially hydrogenated oils, and by limiting other solid fats 4, 5 Use oils to replace solid fats where possible 4 Limit intake of fats and oils high in SFA and/or TFA, and choose products low in such fats and oils 5 Replace protein foods that are higher in solid fats with choices that are lower in solid fats and calories and/ or are sources of oils 4 1,3,6-9,11,12 The numbers in each column indicate the number of guidelines that address the topic category in that year. In the remainder of the table, the superscript numbers at the end of each of the individual goals/guidelines indicate which category each of the goals/guidelines was counted against. Since a goal/guideline can represent more than one topic category, the number of times that a topic category is addressed will exceed the total number of goals/guidelines in any given year. 
Number of Topics Identified in Research Gaps
The number of identified research gaps has dramatically increased. Figure 2 shows how the number of research recommendations in the five topic categories (general, chronic disease/conditions, diet/diet patterns, food/ingredients, nutrients) shifted and increased from 1980 to 2010. The second stacked bar in Figure 2 shows the identified research gaps organized to match the five topics used to describe the guideline recommendations. Since 1980, the frequency of research gaps in all five topic categories has increased at least 10-fold. Figure 3 (available online at www. andjrnl.org) includes the actual wording of the research recommendations and their categorization for this evaluation. In Figure 3 , all research gaps coded as research topics by year. Data in Figure 3 were extracted from the Dietary Guidelines for Americans Committee reports. [6] [7] [8] [9] 11, 12 
Evolution of Research Gaps within Topics
Research gaps have consistently been identified in the general (eg, appropriate use of the DGA), chronic diseases/health condition (eg, knowledge between diet and chronic diseases), and nutrient-specific categories. Research gaps in the diet/ diet pattern-specific research and the food/ ingredient-specific research categories only emerged in the last two Dietary Guidelines Advisory Committees reports. The nature of the research gaps also shifted over time from broad questions to very specific questions identified for the systematic review/evidence analysis. The dramatic increase in research gaps since 2000 reflects growing awareness of the lack of understanding of the complexity of nutrient interactions with other nutrients and the food matrix, as well as the mechanisms of action for bioactive substances that are components of known nutrients or might not have been identified previously as "nutrients."
Specific Examples of Trends in Unmet Research Gaps
The changes in research gaps identified within topic areas were characterized as follows: unmet research gaps, shift in focus of research gaps, increasing complexity of research gaps, increasing specificity of research gaps, and intermittent identification of research gaps. The following examples illustrate the evolution of research gaps over time.
Identifying who is sensitive to salt was consistently identified as a research gap (Figure 4 ). Most notable is the 2005 Dietary Guidelines Advisory Committee's conclusion that, despite not having met the research gap of developing standardized diagnostic tests to identify who was salt sensitive, "it is possible to make general observations." The complexity and specificity increased over time from a single nutrientsingle condition to research gaps address- 1,3,6 -9,11,12 Each was evaluated for which of the five categories they represented: general (including four topics on uses of guidelines, physical activity, food safety, and other unspecified general research topics); chronic disease/health condition (including nine topics related to chronic diseases, health conditions, or unspecified health outcomes); diet/diet pattern (including overall diet or dietary patterns, variety, breakfast, and energy balance); food/ingredients (including specific food groups or ingredients in foods, as well as alcohol and glycemic load); and nutrients (including specific nutrients or other bioactive components). Figure 4 . Example of sodium and hypertension research gaps by year. Data were extracted from the Dietary Guidelines for Americans Committee reports. [6] [7] [8] [9] 11, 12 Research gaps identified by authors as those pertaining to sodium, salt, and hypertension were combined in this Conduct randomized controlled trials and prospective observational studies in persons with and without CVD l on plant compared to marine n-3 fatty acids. Examine diets rich in plant n-3 fatty acids in individuals with and without adequate intake of n-3 fatty acids from marine sources. Examine the mechanism of action of marine vs plant n-3 fatty acids for synergies and/or inhibition.
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Examine the role of dairy products in lipid through intervention trials in which all types of dairy products, both low and high fat, are fed. Bioactive components that alter serum lipid levels may be contained in milk fat. 
ing interactions of multiple nutrients (eg, chloride, electrolyte balance, potassium, calcium minerals, and vitamin D) and conditions (eg, hypertension, other clinically relevant outcomes, left ventricular mass, proteinuria, and bone mineral density). The research gaps also moved from ingredients (sodium chloride) to nutrients (sodium) to foods and food patterns (milk, milk alternatives, and sources of food in the food supply). The research gaps related to dietary fat and cardiovascular disease were increasingly complex and specific over time, from needing to determine precise optimal levels of saturated fat to specifying research gaps on the impact of polyunsaturated fatty acid, monounsaturated fatty acid, transfatty acid, plant vs marine n-3 fatty acids, stearic acid, eicosapentaenoic acid, and docosahexaenoic acid, and effects of dietary sources such as dairy, nuts, eggs, protein, vitamin D, and behavior-based interventions on one or more chronic diseases (Figure 5) .
Analysis of research gaps on fiber and cancer illustrates intermittent interest, with no research gaps identified in 1984, 1995, and 2000 ( Figure 6 , available online at www.andjrnl.org). This topic also showed a shift in focus from needing to verify that low-fiber diets would increase colon cancer risk in 1980, to including other disease conditions (eg, heart disease and obesity); specifying food sources (ie, wholegrain, cereals, fruits and/or vegetables, and animal protein); specifying types of fibers, including other nutrients as having potential impact on cancer (eg, saturated fatty acids, trans-fatty acid, ␣-linolenic acid, and vitamin D); and needing to determine the impact of adherence to 2010 DGA on cancer.
The research gap related to DGA use began with the same gap identified by the 1980 and 1985 Dietary Guidelines Advisory Committees stating that "We do not know enough nutrition to identify the 'ideal diet' for each individual" (Figure 7 ). In 1990, a research gap emerged about our need to understand how individuals and professionals used the DGA. This theme has continued, with research gaps identified in understanding the barriers to compliance, best communication strategies, and educational strategies and tools for implementation, as well as other factors that will lead to improvement in dietary behaviors. In addition, there has been a repeated call for research to demonstrate the health benefits of DGA adherence.
IMPLICATIONS OF RESEARCH GAPS FOR THOSE USING DGA
Our analysis showed that a substantial number of research gaps have persisted since the first edition of the DGA in 1980. When research gaps persist, they compromise health professionals' ability to create and apply "evidencebased" guidelines. If a paucity of research exists on critical topics, the guidelines based on less than optimal research might not yield the anticipated results. The dietetics profession is one of the key stakeholders of both the DGA and the resulting implementation tools (eg, MyPlate and school lunch menu planning guidance). With our emphasis on providing evidence-based dietetics practice, it is vital that the dietetics profession has a complete understanding of the state of the science behind the DGA and advocates effectively for research to fill the critical research gaps to support future DGA. 13 Long lists of research questions are not helpful unless there is a way to synthesize them into a reasonable short list of high-priority research questions that can be funded, either by the federal government, professional societies, or some combination of public or private research funding. An effort to synthesize identified research gaps from the Dietary Reference Intakes was undertaken by the US Institute of Medicine, resulting in an interactive database and published report. 10 The database was originally posted on an Institute of Medicine website and subsequently transferred to the federal government for their use. The Institute of Medicine report was a summary of a workshop that resulted in a chapter on each of the -------we do not know enough nutrition to identify "ideal diet" for each individual.
-------we do not know enough nutrition to identify "ideal diet" for each individual.
Explore the need for additional guidance for special age groups especially infants, children and elderly persons. 6, 9, 11, 12 Research gaps identified by authors as those pertaining to sodium, salt, and hypertension were combined in this table. Words were added by authors to clarify the context of the statements included in the actual reports.
a CVDϭcardiovascular disease. b SoFASϭsolid fats and added sugars.
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topics identified in the Dietary Reference Intakes research gaps rather than a published manuscript. The current list of research topics could offer vital input into the Academy's dialogue in which they identify high-priority research topics that serve as the basis of advocacy.
14 In addition, opportunity exists for a thoughtful collaborative effort among the multiple stakeholders to identify which topics are most important to practice and future DGA development. Although researchers bring in-depth knowledge and interest in their specific areas of research, the broader perspectives of dietetics practitioners, food scientists, and policy makers are needed to effectively identify the highest-priority future research areas.
As the field of nutrition and dietetics practice has evolved, our recognition of our incomplete understanding of the role of nutrition is reflected in the complexity of the current research gaps compared with the initial research gaps identified. This leads us to question whether our deductive approach to nutrition moving toward increasing specificity of research questions on increasingly smaller bioactive components will ultimately lead to the understanding necessary to create useful dietary guidelines for the general population. We might wonder whether we need to simultaneously build equally robust bodies of research leading to a greater understanding of the impact of food matrices, diet patterns on health outcomes, and effective behavioral change and dissemination strategies. All will be critical to support development of future DGA.
With the shift in focus of the DGA from being created for "healthy" Americans to being created for those with common chronic conditions (eg, overweight/obesity, hypertension, and cardiovascular risk), the concept of population dietary guidance appears to be converging with medical nutrition therapy used as treatment for medical conditions or as preventive therapy for individuals with risk factors. For example, the most relevant research for previous DGA were dietary intakes as they relate to the incidence of a medical condition; however, if the guidelines are intended for populations that already have the condition, the research will more closely align with research gaps in medical care. This might create a synergy in funding support for critical research priorities.
A CALL TO ACTION FOR STAKEHOLDERS OF DGA
Our findings indicate that, despite an increase in the number, diversity, and specificity of research gaps over the years, some common research gaps remain unaddressed. With the express desire for public policy to be based on explicit systematic reviews and evidence-based policy, these identified research gaps become more apparent and demand our immediate attention. Specifically, we believe the following actions should be considered:
• Convene multidisciplinary stakeholder groups that include the Academy of Nutrition and Dietetics, Society of Nutrition Education and Behavior, Institute of Food Technologists, and American Public Health Association along with federal and other partners. This stakeholder group will help to establish an advisory group or organize workshops to review research recommendations, set priorities for the most critical research needs for DGA development, and develop collaborative funding opportunities supported either through federal research programs or a combination of public and private partnerships.
• Explore new and sustained funding mechanisms and collaborative funding opportunities for critical research topics.
• Describe new or refined research methodologies that might be necessary to address the research gaps related to diet or dietary pattern research or to test outcomes of implementing DGA in their entirety vs individual bioactive components. The relationship between the methodology of conducting evidence-based reviews and the astronomical number of increasingly specific research gaps is apparent, but the unintended consequence might be the creation of a list of research gaps that are not easily translated into fundable research opportunities.
• Explore the timeline for developing a reasonable body of research to support an evidencebased review on a topic as it relates to the DGA review cycle. It is not unreasonable to have research gaps consistently identified over time until an adequate number and variety of research has been published; however, repeated research gaps without substantial progress should be a red flag and warrant collective actions by researchers and stakeholders.
This is a call to action. We need answers to the persistent research needs that have been identified by the Dietary Guidelines Advisory Committees. Public policy and our nation's health depend on our research enterprise's ability to set priorities and to provide the research to address the critical research gaps.
